Isolation and Characterization of Buffalo Muscle Aldolase by Tazeen Pasha, S.
ISOLATION AND CHARACTERIZATION OF 
BUFFALO M U S C L E ALDOLASE 
By 
S. TAZEEN PASHA 
Department of Biochemistry 
Jawaharlal Nehru Medical College 
Aligarh Muslim University 
Aligarh 
iLl3stx>ci.ct 
A thesis subruittcd in fulfilment of the requirements for the degree of 
Doctor of Philosophy in Biochemistry in the Faculty of Science 
of Aligarh Muslim University 
ALIGARH 
1974 
,,H^^^XDng^^^ 
/ * , V< .-v . i > « ' 
ABSTRACT 
Buffalo muscle aldolase belongs to class I enzyme of type A. 
There is evidence to suggest that aldolase contains highly organized 
active site which spQ;^ ifically recognizes chloride, sulphate, phos-
phate and ethyl phosphate. The interactions of specific anions with 
enzyme may occur at the cationic sites in the active core of the 
enzyme. Studies on the influence of anions on the structure and func-
tion of aldolase will be useful in providing information regarding 
the ionic interactions between substrate and the enzyme. Such studies 
have not been undertaken so far. This thesis describes for the first 
time the isolation and characterization of buffalo muscle aldolase 
and the influence of ten different anions on the enzyme activity. 
Buffalo muscle aldolase was isolated from skeletal muscles 
by extracting the ground tissue with buffer. The enzyme was then 
precipitated by ammonium sulphate and fractionated subsequently by 
phosphocellulose column chromatography, A pure and homogeneous pre-
paration of the enzyme gave a single peak on Sephadex G-200 column 
and a single band, both in polyacrylamide gel electrophoresis and 
sodium dodecyl sulphate polyacrylamide gel electrophoresis. The 
enzyme had a specific activity of 27.0jL«-moles of fructose-l,6-diphos-
2 
phate split per minute per mg of the enzyme. The yield of the enzyme 
by this procedure was 34 per cent. The enzyme was identical with that 
of rabbit muscle aldolase in molecular weight, spectral properties and 
in other physico-chemical properties. The two enzymes had the same 
relative mobility in polyacrylamide gel electrophoresis as well as in 
sodium dodecyl sulphate polyacrylamide gel electrophoresis. The two 
proteins were eluted with the same elution volume from the Sephadex 
column. The molecular weight of buffalo muscle aldolase determined 
by gel filtration was 162,000; essentially identical value of the mole-
cular weight was obtained by sodium dodecyl sulphate polyacrylamide 
gel electrophoresis. The values of Stoke's radius, diffusion coeffi-
cient and frictional ratio determined from gel filtration data were 
-7 2 
respectively 4.6 nm, 4.8 x 10" cm /sec and 1.265. These results sug-
gest that the buffalo muscle aldolase exists in compact and globular 
conformation under native conditions. 
The pH-activity profile of buffalo muscle aldolase indicated 
the participation of two ionizable groups in the catalytic function 
of the enzyme. The two ionizable groups may have pK values 7,0 and 
8,5. The K value for fructose-l,6-diphosphate was determined to be m r- r-
-4 ++ ++ 
8.1 X 10 M. The metal ions such as Mg and Zn had no effect on 
enzyme activity. However, protein denaturants, such as urea and gua-
nidine hydrochloride, and particularly the latter, were found to be 
very effective in inactivating the enzyme. The enzyme lost it's 
activity when exposed to low concentrations of pyridoxal 5'-phosphate. 
The results on the effect of thiocyanate, carbonate, iodide, 
nitrate, chlorate, citrate, trichloroacetic acid, bromide, chloride 
and fluoride on the activity of aldolase suggested that the anion 
inhibition is noncompetitive and is not due to the dissociation of 
the enzyme into subunits. The inhibition is due to the binding of 
the anions at the cationic sites of the enzyme. The number of moles 
of anions bound per mole of the sensitive site is one. The bigger 
anions have relatively larger association constant than the smaller 
ones. The binding of bigger anions such as thiocyanate is endothermic 
and is accompanied by positive entropy change. Since thiocyanate is 
not likely to hold the hydration sphere tenaciously, it may approach 
the cationic binding sites more closely. The binding should precede 
the extensive disruption of water structure around the cationic site. 
The gain in free energy as a result of increase in entropy due to 
anion binding may be compared with the hydrophobic interaction, which 
is also accompanied with the increase in entropy due to the disruption 
of water structure around the apolar groups. 
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ABST'RACT 
Buffalo muscle a ldo l a se belongs t o c l a s s I enzyme of type A. 
There i s evidence to suggest t h a t a l d o l a s e con ta ins h igh ly organized 
a c t i v e s i t e s which s p e c i f i c a l l y r ecogn izes c h l o r i d e , s u l p h a t e , phos-
phate and e thy l phospha te . The i n t e r a c t i o n s of s p e c i f i c anions with 
enzyme may occur at the c a t i o n i c s i t e s in the a c t i v e core of the 
enzyme. S tud ie s on the in f luence of anions on the s t r u c t u r e and func-
t i o n of a l d o l a s e w i l l be use fu l in p rov id ing informat ion regard ing 
t h e ionic i n t e r a c t i o n s between s u b s t r a t e and the enzyme. Such s t u d i e s 
have not been under taken so f a r . This t h e s i s d e s c r i b e s for the f i r s t 
t ime the i s o l a t i o n and c h a r a c t e r i z a t i o n of buffa lo muscle a ldo la se 
and the in f luence of t en d i f f e r e n t anions on t h e enzyme a c t i v i t y . 
Buffalo muscle a ldo l a se was i s o l a t e d from s k e l e t a l muscles 
by e x t r a c t i n g the ground t i s s u e with bu f f e r . The enzyme was then 
p r e c i p i t a t e d by ammonium su lpha te and f r a c t i o n a t e d subsequen t ly by 
phosphoce l lu lose column chromatography. A pure and homogeneous p r e -
p a r a t i o n of the enzyme gave a s i n g l e peak on Sephadex G-200 column 
and a s i n g l e band, both in polyacrylamide ge l e l e c t r o p h o r e s i s and 
sodium dodecyl su lpha te polyacrylamide ge l e l e c t r o p h o r e s i s . The 
enzyme had a s p e c i f i c a c t i v i t y of 2 7 . 0 h m o l e s of f r u c t o 5 e - i , 6 - d i p h o s -
( i i i ) 
phate s p l i t per minute per mg of the enzyme. The yield of the enzyme 
by th i s procedure was 34 per cent . The enzyme was iden t ica l with that 
of rabbi t muscle aldolase in molecular weight, spect ra l proper t ies and 
in other physico-chemical p rope r t i e s . The two enzymes had the same 
r e l a t i v e mobility in polyacrylamide gel e lect rophores is as well as in 
sodium dodecyl sulphate polyacrylamide gel e lec t rophores i s . The two 
pro te ins were eluted with the same elut ion volume from the Sephadex 
column. The molecular weight of buffalo muscle aldolase determined 
by gel f i l t r a t i o n was 162,000; e s sen t i a l ly iden t i ca l value of the mole-
cular weight was obtained by sodium dodecyl sulphate polyacrylamide 
gel e lec t rophores i s . The values of Stoke's r ad ius , diffusion coeffi-
cient and f r i c t i o n a l r a t i o determined from gel f i l t r a t i o n data were 
-7 2 
respect ively 4.6 nm, 4.8 x 10 cm / sec and 1.265. These r e s u l t s sug-
gest that the buffalo muscle aldolase ex is t s in compact and globular 
conformation under native condi t ions . 
The pH-act ivi ty prof i le of buffalo muscle aldolase indicated 
the pa r t i c ipa t ion of two ionizable groups in the ca t a ly t i c function 
of the enzyme. The two ionizable groups may have pK values 7.0 and 
8 ,5 . The K value for f ructose- l ,6-diphosphate was determined to be 
m 
8.1 X lO" M. The metal ions such as Mg and Zn had no effect on 
enzyme a c t i v i t y . However, prote in denaturants , such as urea and gua-
nidine hydrochloride, and pa r t i cu l a r ly the l a t t e r , were found to be 
very effect ive in inac t iva t ing the enzyme. The enzyme los t i t 's 
a c t i v i t y when exposed to low concentrations of pyridoxal 5 '-phosphate. 
The r e s u l t s on the effect of thiocyanate , carbonate, iodide, 
n i t r a t e , ch lo ra te , c i t r a t e , t r i ch lo roace t i c acid, bromide, chloride 
(iv) 
and fluoride on the activity of aldolase suggested that the anion 
inhibition is noncompetitive and is not due to the dissociation of 
the enzyme into subunits. The inhibition is due to the binding of 
the anions at the cationic sites of the enzyme. The number of moles 
of anions bound per mole of the sensitive site is one. The bigger 
anions have relatively larger association constant than the smaller 
ones. The binding of bigger anions such as thiocyanate is endothermic 
and is accompanied by positive entropy change. Since thiocyanate is 
not likely to hold the hydration sphere tenaciously, it may approach 
the cationic binding sites more closely. The binding should precede 
the extensive disruption of water structure around the cationic site. 
The gain in free energy as a result of increase in entropy due to 
anion binding may be compared with the hydrophobic interaction, which 
is also accompanied with the increase in entropy due to the disruption 
of water structure around the apolar groups. 
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I . INTRODUCTION 
A l d o l a s e , one of the key enzymes of g l y c o l y t i c pathway, was 
recognized in the e x t r a c t s of muscle and y e a s t in which i t c a t a l y z e s 
t h e convers ion of f r u c t o s e - l , 6 - d i p h o s p h a t G in to tvJo moles of t r i o s e 
phospha tes , dihydroxyacetone phosphate and g lycera ldehyde-3-phospha te 
(59 , 6 0 ) . The enzyme shows abso lu te s p e c i f i c i t y for dihydroxyacetone 
phosphate ( 3 3 , 71) and i s d i s t r i b u t e d in microorganisms ( 9 1 , 2 8 , 9 4 ) , 
p l a n t s (90) and mammalian t i s s u e s ( 5 8 ) . The enzyme i s absent i n 
c e r t a i n h e t e r o f e r m e n t a t i v e b a c t e r i a , such as Leuconostoc mesentr iodes 
( 1 0 ) , l ack ing Embden-Meyerhof pathway. F r u c t o s e - l , 6 - d i p h o s p h a t e 
recogniz ing i . e . , FDP a ldo l a se i s of two t y p e s , d i f f e r i n g in molecular 
and b i o l o g i c a l p r o p e r t i e s ( 7 2 ) . Aldolases belonging to c l a s s I 
con t a in l y s i n e r e s i d u e at t h e a c t i v e s i t e and form Schiff 's base wi th 
the s u b s t r a t e . C la s s I I a ldo l a se s are metalloenzymes and occur in 
microorganisms (92 , 37, 34) . They g e n e r a l l y c o n t a i n Zn as co fac to r 
and r e q u i r e K for t h e a c t i v a t i o n . Aldolases c o n t a i n i n g Fe and Co 
have a l s o been r ecogn ized . The molecular weight of the c l a s s I I 
enzymes i s about 75 ,000. 
Class I a l d o l a s e s have been recognized in p ro tozoa , green algae, 
p l a n t s and animals (92 , 26 , 74) and are not i n h i b i t e d by metal c h e l a -
t i n g a g e n t s . Three d i s t i n c t FDP a l d o l a s e s des igna ted as a l d o l a s e s A, 
1 
B and C have been detected in three mammalian tissues, muscle, liver 
and brain,respectively, Hybrid enzymes comprising of the subunits 
of these parental types have been detected in vivo. Aldolase A has 
been isolated from skeletal muscle of a number of organisms. Thus, 
in addition to muscle aldolase from rabbit and rat, the enzyme from 
cod fish having specific activity 2/3 of the rabbit muscle aldolase 
has been isolated (46), Lobster muscle aldolase is similar to rabbit 
muscle aldolase in amino acid composition and in enzymatic behaviour 
(27), Aldolase from human cardiac tissue has been purified to homo-
geneity. The enzyme is similar to other muscle aldolases in molecular 
weight, subunit structure, amino acid composition and in catalytic 
function (3) , 
Aldolases A, 3 and G are tetrameric comprising of 2 <>C and 2/?> 
subunits and have similar molecular weight. They are homologous in 
the sense that they catalyze the same reaction. The nature of subunit 
interaction seems to be identical (64, 67), since heteromers are 
formed in random fashion without any preferential interactions. The 
amino acid sequence near C-terminal residues also seems to be similar 
in the three variants (12, 75). Similarity of the active site sequence 
of aldolase A and B has been noted (43, 62). All the three enzymes 
have similar pH profiles and are inhibited similarly by carboxypepti-
dase treatment (65). Grazi et_ a^ ,^ (24) and Morse ejt _al_. (63) found 
that the two reactions pertaining to aldolase A and 3 involve the 
formation of a Schiff 's base intermediate between (: -amino group of 
lysine on the protein and the carbonyl moiety of dihydroxyacetone 
phosphate. Despite these similarties A, B and G are distinguishable 
in ca t a ly t i c p roper t i es , e lect rophoret ic mobil i ty, chromatographic 
p r o f i l e , amino acid composition and peptide map (64, 67), Furthermore, 
the three enzymes are surpr is ingly d is t inguishable in immunological 
r e a c t i v i t y (66) . The ant i sera raised against one form of the enzyme 
formed p rec ip i t a t e with the specif ic antigen (66) . The enzymatic 
proper t ies of the three var ian t s of aldolase are d i f f e ren t . The ra te 
of cleavage of f ructose- l ,6-diphosphate by aldolase A is 50 fold tha t 
of fructose-1-phosphate (65) . On the other hand FDP:?IP r a t i o s for 
aldolase B and C were, r espec t ive ly , 1 and 10. The specif ic FDP c lea-
vage ac t iv i ty of aldolase A was three times that of G which inturns i s 
four times more active than B. The K values for the cleavage of 
m ^ 
f ructose- l ,6-diphosphate of muscle and brain enzymes were same (3 x 
10" M). The K value for aldolase B was lowest of the three ( l^M) , 
From the spec i f i c i ty and k ine t ic proper t ies i t seems that the physio-
logical ro le of muscle aldolase i s primari ly to cleave f ruc to se - i , 
6-diphosphate in g lycolys is . Aldolase B seems to be involved in glu-
coneogenic condensation of t r i o s e phosphates and in the cleavage of 
fructose-1-phosphate. However, no specif ic b iological function of 
aldolase G has yet been apparent (73). 
Rabbit muscle aldolase contains 1470 amino acids . The amino 
acid composition of muscle aldolase from d i f fe ren t species d i f f e r . 
The amino acid composition of r abb i t muscle aldolase as determined 
by Lai (44) has been summarized in Table I . The t o t a l number of 
basic amino acid residues is 206, as against t h i s , the t o t a l number 
of acidic amino acids i s 298. There are 46 tyrosine residues (44) 
and 32 sulphhydryl groups (47) . When cysteine residues in r abb i t 
TABLE I 
AMINO ACID COMPOSITION OF RABBIT /"vUSCLE ALDOLASE* 
MOLECULAR WEIGHT ' 1 6 0 , 0 0 0 
Amino Ac ids Number of Amino Acid Residues 
Lys ine 106 
H i s t i d i n e 44 
A r g i n i n e 56 
A s p a r t i c Acid 122 
T h r e o n i n e 80 
S e r i n e 76 
G l u t a m i c Acid 176 
P r o l i n e 76 
G l y c i n e 126 
A l a n i n e 176 
Half C y s t i n e 30 
V a l i n e 86 
M e t h i o n i n e 12 
I s o l e u c i n e 76 
Leuc ine 140 
T y r o s i n e 46 
P h e n y l a l a n i n e 30 
T r y p t o p h a n 12 
T o t a l number of amino a c i d 
r e s i d u e s p e r mole of a l d o l a s e 1470 
* Data t a k e n from r e f e r e n c e (44) 
muscle aldolase were converted into mixed disulphides by treatment with 
a ser ies of disulphide monosulphoxides at neutral pH, the reagents in -
variably reacted with two of the 8 cysteine residues per subunit in the 
presence of competitive inh ib i to rs such as hexi to l - l ,6-diphosphate (81), 
The sulphhydryl groups of aldolase are d i v i s i b l e in to three c lasses ; 
exposed, protected and buried. The number of exposed and buried r e s i -
dues per subunit are, r espec t ive ly , 2 and 4. The former are able to 
reac t with reagents l ike p-chloromercuribenzoate, while the l a t t e r are 
inaccessible to t i t ra t i i ig reagents (31). The remaining two are protec-
ted, whose modification considerably a l t e r s the enzyme ac t i v i t y against 
f ructose-l ,6-diphosphate causing 50 to 80 per cent decrease in maximum 
a t ta inable ve loc i ty and 30 - 100 fold increase in K . The N- and 
' m 
G-terminal amino acid residues have been ident i f ied to be prol ine and 
ty ros ine , respec t ive ly . The relevent physical parameters regarding 
muscle aldolase are summarized in Table I I . The i s o e l e c t r i c pH of 
the muscle aldolase has been measured to be 6 .1 (81 , 88). The p a r t i a l 
specif ic volume of aldolase in aqueous s a l t solut ion was found by 
Taylor _et a_l. to be 0.742 cc/gm (88). The sedimentation coeff icient 
of native aldolase has been reported in the range of 7.3 - 7.9S. The 
value found by Kawahara and Tanford i s 7.82S (40) . The values of 
the diffusion coeff icient and f r i c t i o n a l r a t i o were measured to be 
-7 2 
4.63 x 10" cm /sec (88) and 1.31(83), r e spec t ive ly . I n t r i n s i c visco-
sity,f-yi'] , of the native enzyme was measured by Stellwagen and 
Schachaman (82) and was found to be 4.0 cc/gm. The Stoke's radius 
of the enzyme i s about 4.6 nm (86) . The values of i n t r i n s i c 
v i scos i ty , Stoke's r ad ius , diffusion coeff icient and f r i c -
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t i ona l r a t i o suggest t h a t aldolase ex is t s in compact and globular 
conformation under native condi t ions . 
The molecular weight of rabbi t muscle aldolase has been repor-
ted in the range 149,000 - 160,000 (40, 78, 88, 89) . Kawahara and 
Tanford (40) made a careful study of the molecular weight of native 
rabbi t muscle a ldolase . The molecular weight of nat ive aldolase was 
measured by sedimentation equilibrium to be 158,000. 
Previous physico-chemical studies suggested three subunits in 
muscle a ldolase . Thus, Dreschler £ t a l . (18) showed the l i be ra t ion 
of three tyrosine residues by carboxypeptidase t rea tment . Later 
Kowalsky and Boyer (43) showed tha t a l l these three tyrosine res idues 
were released from carboxy terminal . Edelstein and Schachman (20) 
determined three N-terminal prol ine residues per mole of a ldolase . 
The number of s i t e s , forming Schi f f ' s base with the subs t r a t e , were 
found to be three ( 4 i l . On the basis of equilibrium d ia lys i s experi -
ments, Ginsburg and Mehler (22) and Cas te l l ino and Barker (11) showed 
that three moles of subst ra te or subst ra te analogues were bound to 
the enzyme. Stellwagea and Schachman (82) measured the molecular 
weight of native enzyme to be 142,000, which reduced to 46,000 when 
the enzyme was d issocia ted into subunits at pH 2 .0 , Similar r e s u l t s 
were reported by Deal et_ aJ. (15) . All these r e s u l t s lead to the 
three subunit model of a ldolase . However, systematic studies of 
Kawahara and Tanford (40) showed tha t the molecular weight of native 
enzyme i s 158,000 and tha t of i t 's subunits in 6 M guanidine hydro-
chloride plus y6 -mercaptoethanol i s 40,000. This would suggest four 
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subunit s t ruc ture of the muscle a ldolase . This was supported by the 
work of Sia and Horecker (78) . Penhoet et _al. (67) examined brain 
ext rac t by polyacrylamide gel e lectrophoresis and detected five aldo-
lase isozymes, which were formed as a r e s u l t of hybridization of aldo-
lase A and G. The presence of f ive isozymes is consis tent with a 
four subunit s t r u c t u r e . The native enzyme reac ts with p-chloromercuri-
benzoate to form monoclinic c rys t a l s in which noncrystal lographic 
symmetry was detected by Patterson and ro t a t ion function method (19) . 
The data provide an imbeguous evidence for a te t rameric s t ruc ture of 
the muscle a ldolase . 
Rabbit muscle aldolase has been shown to contain nonidentical 
subuni ts , oC and yS) (18, 43) , The two types of subunits are separable 
by column chromatography in 8 M urea and by polyacrylamide gel e l ec t ro -
phoresis (11) , The two subunits d i f fer in the i r s u s c e p t i b i l i t y to 
carboxypeptidase digest ion (61) . On denaturat ion, four G-terminal 
tyrosines were released on carboxypeptidase ^treatment. The ^ and /-^  
subunits yielded cyanogen bromide peptides which were s imilar in amino 
acid composition and in t ryp t ic finger p r i n t s . The two hexapeptides 
have been obtained, by Lai and Chen (45, 46) from the C-terminals of 
the ITC and A chains and these were, respec t ive ly , ident i f ied to be, 
Ile-Ser-Asn-His-Ala-Tyr ( o{-chain) and Ile-3er-Asp-His-Ala-Tyr ( / 3 -
chain) , In muscle aldolase of young rabbi t /?> -chains were hardly 
de tec tab le , the<X, -chains predominate. The /3 -chain began to appear 
a f t e r the animal has reached the age of three months. In con t ras t , 
0\ - and /3 -chains were found to be in equal quan t i t i e s in the enzyme 
preparat ion from adult rabbi t s (42) , I t is possible tha t the aspargine 
residue may have undergone deamidation with age. If t h i s i s t r u e , 
only a s ingle gene forCxC chain would be involved in the biosynthesis 
of rabbi t muscle a ldolase . 
Rabbit muscle aldolase contains two phosphate binding s i t e s 
(22, 29) . In addi t ion, there is a hydrophobic centre containing a 
reac t ive lysine residue (48). P a r t i a l amino acid sequence provided 
information regarding the active s i t e amino acid residues (49) . The 
middle portion of polypeptide chain including Cys-134, Cys-i49, Cys-
177 and Cys-199 is buried in the native conformation. The region 
containing Cys-72, Lys-107, Lys-227, Cys-336, His-359 and G-terminal 
residue ( tyrosine 361) i s folded in the active core of the enzyme. 
From the spect ra l studies on the binding of D-arab in i to l - l ,5 -d iphos-
phate to rabbi t muscle aldolase, Lehrer and Barker (52) concluded 
t h a t tryptophan and tyros ine residues may be at or close to the bind-
ing s i t e . Treatment of rabbi t muscle aldolase with N-bromoacetyletha-
nolamine phosphate caused a lkyla t ion of an e s sen t i a l His residue which 
appears to be near the C-terminal port ion of the aldolase molecule 
(30) . Several l ines of evidence suggested the occurrence of lysine 
at the active s i t e of rabbit muscle aldolase (11 , 22, 41 , 47) . From 
the pH-act ivi ty p r o f i l e , the act ive lysine residue appears to have a 
pK value greater than 11,5. The lysine residue i s probably made 
nucleophil ic during the c a t a l y t i c process by hydrogen ion abs t rac t ion 
( 5 ) . 
Pyridoxal 5 '-phosphate, which is a well known pros the t ic group 
of amino t r ans fe rases , deaminases and other enzymes, i s known to inacti-
10 
vate the aldolase in a revers ib le manner. The inh ib i t ion was compe-
t i t i v e with the s u b s t r a t e , f ruc tose- i ,6 -d iphosphate . Pyridoxal 
5'-phosphate forms a Sch i f f ' s base with the (- -amino group of lysine 
res idue . However, i t does not form Schiff 's base with the same lysine 
group, with which dihydroxyacetone phosphate forms the Schif f ' s base, 
but with some other lysine group occuring in one of the phosphate 
binding s i t e s of the enzyme (77). 
Native aldolase d i ssoc ia tes into subunits at acidic (82) and 
bas ic pH. At extreme pH i . e . , below pH 4.5 (69) and above pH 12 
(32, 80) rabbi t muscle aldolase undergoes d i ssoc ia t ion followed by 
denaturat ion. Thus the enzyme spontaneously d i ssoc ia tes into sub-
uni t s when exposed to borate buffer, pH 12.5, ionic strength 0.17 at 
0 (80) . Even at neutral pH the enzyme undergoes d issoc ia t ion into 
subunits upon d i lu t ion (40). However, more recent s tudies of Lebherz 
(51) showed that the inac t iva t ion of aldolase commonly observed at 
low concentrations is due to the enzyme-glass surface in te rac t ion and 
i s not due to the d i ssoc ia t ion of the tetramer into subunits . The 
nat ive conformation of aldolase i s disrupted by concentrated solut ions 
of urea (53, 83) and guanidine hydrochloride (81 , 85). The enzyme 
dissocia tes into subunits in 4 M urea at pH 7,5 , ionic strength 0.2 
(53) . The inac t iva t ion of l i ve r aldolase in 4 M urea was more marked 
with fructose-1-phosphate than f ructose- i ,6-diphosphate (53) . The 
enzyme, more precisely i t s subunits exis t in random coi l conformation 
in 6 M guanidine hydrochloride (85) . 
Anderson and Perham (6^ measured the effect of ionic strength 
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on the structure of aldolase. Data on amino acid analysis, sedimen-
tation and electrophoretic mobility indicated that ionic strength 
had no significant effect on the structure of rabbit muscle aldolase. 
Ginsburg and Mehler (22) demonstrated the binding of sulphate, phos-
phate and hexitol diphosphate to rabbit muscle aldolase by equilibrium 
dialysis. At neutral pH the enzyme contains 2,6 highly specific 
binding sites for phosphate and 2.9 additional sites with lower affi-
nity for phosphate. The enzyme binds about 5,5 sulphate ions and 
2.7 hexitol diphosphate. The aldolase inactivated by covalently 
attached dihydroxyacetone phosphate did not show specific binding of 
either phosphate or hexitol diphosphate. These observations suggested 
that the native enzyme had three highly organized active sites, each 
of which contains two phosphate binding sites. There is evidence to 
suggest that small anions such as chloride, sulphate, phosphate and 
ethyl phosphate competitively inhibit the enzyme. The binding of an 
anion to dihydroxyacetone phosphate binding site as well as to alde-
hyde phosphate site influences the binding of fructose-i,6-diphosphate 
to rabbit muscle aldolase (70, 13, 25). 
The interaction of specific anions with the enzyme is likely 
to occur at the cationic sites in the active core of the enzyme. A 
systematic study of the influence of the anions on the structure and 
function of aldolase is, therefore, necessary in order to gain a 
clear understanding of the mechanism of specific ion effect. Such 
studies are expected to provide useful information regarding the 
ionic interactions between substrate and the enzyme. A review of 
the literature, however, shows that such studies have not been under-
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taken so far. 
This thesis describes for the first time the isolation and 
characterization of FDP aldolase from buffalo muscle. In addition, 
a detailed study of the influence of several ionic inhibitors on the 
enzyme has been made in order to see the nature of specific cationic 
sites on the enzyme that may be involved in the electrostatic inter-
actions between the substrate and the enzyme. 
I I . EXPERIMEOTAL 
A. Ma te r i a l s 
Cytochrome c, c^^-chymotrypsinogen A, ovalbumin (Grade V), bovine 
serum albumin, pepsinogen, a l k a l i n e phospha tase , carboxypept idase A, 
c a t a l a s e , r a b b i t muscle a l d o l a s e , a l do l a se c a l i b r a t i o n s o l u t i o n , p y r i -
doxal 5 ' - p h o s p h a t e , Coomassie Blue, 1-dimethylamino n a p h t h a l e n e - 5 - s u l -
phonyl c h l o r i d e (dansyl ch lo r i de ) and guanidine hydrochlor ide were 
purchased from Sigma Chemical Company ( U . S . A . ) . Papain, barium s a l t 
of f r u c t o s e - l , 6 - d i p h o s p h a t e (FDP) and phosphoce l lu lose were purchased 
from V.P. Chest I n s t i t u t e ( I n d i a ) . Barium s a l t of FDP was conver ted 
t o sodium form before u s e , 
Sephadex G-200 and Blue Dextran 2000 were from Pharmacia Fine 
Chemicals (Sweden), Dowex SOW - X8 (20 - 50 mesh) and Dowex 1 - X4 
( 2 0 - 5 0 mesh) were obta ined from J . T . Baker Chemical Company (U .S .A . ) . 
S i l i c a g e l , B.D.H. (England) , v;as used in p r e p a r a t i o n of t h i n l aye r 
p l a t e s . 2 , 4 - d i n i t r o f l u o r o b e n z e n e was purchased from Pie rce Chemical 
Company ( U . S . A . ) . Reagents used in polyacrylamide gel e l e c t r o p h o r e s i s 
with t h e i r sources in p a r e n t h e s e s were: N,lNi,N' , N ' - t e t r a m e t h y l e t h y l e n e -
diamine (F luka , S w i t z e r l a n d ) , N ,N ' -methy lene-b i s -ac ry lamide (Fluka, 
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Switzerland), acrylamide (E. Merck, Germany), Riboflavin (E, Merck, 
Germany), Amido Schwartz (E. Merck, Germany), Bromophenol Blue (3.0.H., 
England), ammonium persulphate (Riedel-De Haen AG, Germany), dichloro-
dimethyl silane (E. Merck, Germany), sodium dodecyl sulphate (SDS), 
(B.D.H., England),/3 -mercaptoethanol (Calbiochem, U.S.A.) and iodo-
acetic acid (E. Merck, Germany). 
Reagent grade samples of hydrazine sulphate, 2,4-dinitro-phenyl-
hydrazine, sodium azide, trichloroacetic acid, proline, tyrosine, 
glycine, sucrose, glycerol, copper sulphate, sodium potassium tartarate, 
sodium dihydrogen phosphate, disodium hydrogen phosphate, potassium 
hydrogen phthalate, sodium tetraborate, tris-(hydroxy-methyl) amino-
methane, ethylenediaminetetra-acetic acid (EDTA), ammonium sulphate, 
sodium sulphate, sodium carbonate, sodium bicarbonate, sodium hydroxide, 
sodium fluoride, sodium chloride, sodium bromide, sodium iodide, 
sodium nitrate, sodium chlorate, barium chloride, magnesium chloride, 
zinc chloride, hydrochloric acid, acetic acid, acetone, methanol, 
benzene, n-butanol and pyridine were used in this study. Urea obtain-
ed from B.D.H. (India), was crystallized twice from 50% aqueous etha-
nol at about 50°. Excess heating which may cause decomposition of 
urea was avoided during crystallization of urea* Dialyzer tubings 
of different size were purchased from Arthur H. Thomas Company (U.S.A.)-
All glass distilled water was used throughout. 
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B. Method 
1. pH Measurements; 
Elico model LI-10 pH meter in conjunction with Beckman glass 
electrode and Elico Calomel electrode was used for pH measurements and 
the instrument was standardized with 0.05 M phthalate butfer and 0.01 M 
borate buffer. 
2. Light Absorption .Measurements: 
Light absorption measurements were made on Jarl /.eiss Jena 
Spectrocolorimeter, Spekol, in the visible range and on Oarl z.eiss 
Jena Spectrophotometer VSU2-P, in the ultraviolet range. 
Fluorescence measurements were made on Aminco Bowman Spectro-
photofluorometer equipped with grating system for both excitation and 
emission. 
3. Determination of Protein Concentration; 
The c o n c e n t r a t i o n of p r o t e i n was r o u t i n e l y measured by tne 
method of Lowry e_t _al. ( 5 5 ) , us ing Fo l i n -pheno l and Jopper r e a g e n t s . 
Bovine serum albumin was used as s t a n d a r d . Fo l in -pheno l reagent was 
p repared according t o F o l i n and C ioca l t eu (21) by r e f l u x i n g in dark , 
a mixture con t a in ing 50 grams of sodium t u n g s t a t e , 12.5 grams of 
sodium molybdate, 25 ml of 85;3 phosphoric a c i d , 50 ml of nydrocn lo r i c 
acid and 350 ml of water for 10 hours . To t n i s were added 75 grams 
of l i t h ium s u l p h a t e , 25 ml water and 2-4 drops of l i q u i d bromine. The 
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excess bromine v;as removed by boiling tor 15 minutes. The solution 
was cooled and made up to 500 ml by adding water. It was stored in 
amber coloured bottle. To 0.1 ml of protein solution, 0.9 ml v;ater 
and 5 ml of copper reagent were added. After 10 minutes, 1 ml of 
dilute Folin-phenol reagent (1 ml of stock solution diluted to 4 ml 
with water) was added and the colour intensity was read at 700 nm after 
30 minutes. 
An isoionic preparation of buffalo muscle aldolase was prepared 
by passing a homogeneous and extensively dialyzed preparation through 
Dintzis column (16). The cation exchange resin in sodium form was 
converted to hydrogen ion and ammonium ion forms. The anion exchange 
resin was converted to hydroxyl ion and acetate ion forms. The resins 
were then thoroughly washed with water and packed in a column ( 1 x 9 cm) 
in the hydrogen ion cycle (l cm), mixed hydrogen ion and hydroxyl ion 
form (4 cm), acetate anion cycle (2 cm) and finally ammonium ion cycle 
(2 cm) , 
Buffalo muscle aldolase in 0.01 M tris-HCl buffer, pH 7.4, was 
extensively dialyzed against the same buffer by several changes. The 
protein solution, as well as dialyzate v^ere taken by weight in pre-
weighed weighing bottles and heated near 107 in air circulating oven 
to constant weights. The protein concentration was computed from the 
difference. In order to determine the specific extinction coefficient, 
E,^ , at 280 nm, an aldolase solution of known concentration was pre-
pared in 0,01 M tris-Ii31 buffer, pH 7.4, gravimetrically and absorbance 
measured at 280 nm. 
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4 . I so la t ion of Buffalo ?4jscle Aldolase; 
Aldolase was isola ted from buffalo muscle by a method essen-
t i a l l y due to Taylor (87) . Fresh buffalo muscle in the grinded form 
was brought from slaughter house and was extracted with a solut ion 
containing 0.01 M tris-HGl, pH 7.4, 1 x lO"^ M EDTA and 0.02>J sodium 
azide through a muslin c lo th . The res idual mass v/as then reextracted 
using the same solut ion containing one addi t ional s a l t i . e . , 0.2 M 
sodium ch lo r ide . The two ext rac ts were then mixed and the pH adjusted 
to 7.4 by the addition of r e q u i s i t e amount of sodium hydroxide. The 
ex t rac t was brought to AQ% ammonium sulphate sa tura t ion and allovjed 
to stand for six hours. The p r e c i p i t a t e was removed by f i l t r a t i o n 
using «Vhatman N c l f i l t e r paper. The f i l t r a t e was brought to 60/-' 
ammonium sulphate sa tura t ion and the p r ec ip i t a t e containing buffalo 
muscle aldolase was co l lec ted . 
The ammonium sulphate prec ip i ta ted aldolase was dissolved in 
0.01 M tr is-HCl buffer, pH 7.4, containing 1 x 10"^ M £DTA and 0.02^^ 
sodium azide and extensively dialyzed against the same buffer to 
remove ammonium sulphate . Some insoluble prote in mater ial which 
s e t t l e d down in the d i a lys i s bag was removed by cent r i fugat ion . The 
crude aldolase was further f ract ionated by chromatography on phospho-
ce l lu lose column, 
5 . Phpsphocellulose Column Chromatography: 
F i f ty grams of phosphocellulose r e s in was suspended in 500 ml 
solut ion containing 0.25 M NaOH and 0.25 M NaCl. The r e s in was twice 
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washed with t h i s s o l u t i o n . I t was then thoroughly washed v/ith water 
t i l l the pH became n e u t r a l . The r e s i n v^as then suspended in 1 M HCl 
and again washed s e v e r a l t imes with wa t e r . The r e s i n was then e q u i l i -
b ra t ed with 0 . 0 1 M t r i s - H C l b u f f e r , pH 7 . 4 , con ta in ing 1 x 10 '^ M EDTA 
and 0.02% sodium a z i d e . The s l u r r y v^ /as packed in a column ( i . 6 cm x 
23 cm) and e q u i l i b r a t e d w i t h 500 ml b u f f e r . About 30 mg of crude a ldo-
l a se Was then appl ied on t h e column and t h e p r o t e i n e lu t ed with t h e 
Same buffer i n 5 ml f r a c t i o n s with a flow r a t e of 20 ml per hour, us ing 
a l i n e a r g r a d i e n t of ion ic s t r e n g t h from 0.004 t o 0 . 5 0 4 . The ionic 
s t r e n g t h g r a d i e n t was determined by measuring t h e conductance of t h e 
s o l u t i o n s and was found t o be l i n e a r . The s a l t c o n c e n t r a t i o n (or ion ic 
s t r eng th ) fol lowed Equation 1, which has been der ived f o r l i n e a r grad-
i e n t . 
G = C2 - (C2 - C^) e'^^/'^o (1) 
where G is the ionic strength of the protein fraction, G, is the ionic 
strength of the buffer in the mixing vessel, Z^ is the ionic strength 
of the buffer in the second vessel connected to the mixing vessel, V 
is the volume of the effluent and V is the total volume in the mixing 
0 
vessel, which was maintained 500 ml throughout the experiment. 
6. Measurement of Enzyme Activity: 
The activity of aldolase Vv'as determined by the method of Sibley 
and Lehninger (79). Aldolase (0.1 ml) in 0.01 r/. tris-.-Cl buffer, pH 
8.0, containing 0.2 ml of hydrazine sulphate solution, pH 8.0 (0.56 M) 
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and 1.6 ml of 0.01 M tr is-HCl buffer, pH 8.0 was incubated for 15 min-
utes at 37°. To t h i s was added 0 ,1 ml of 0 .1 M f ruc tose- l ,6 -d iphos-
phate (FDP) and the solut ion was incubated for 30 minutes at 37°, The 
cleavage of FDP was stopped by adding 2.0 ml of 205^ i t r i ch lo roace t i c 
acid (TGA). To one m i l l i l i t r e of t h i s so lu t ion was added 1.0 ml of 
0.75 Ni sodium hydroxide and the solut ion incubated at room temperature 
for 15 minutes. Then 1,0 ml of 0.1:o 2,4-dini t ro-phenyl-hydrazine 
solut ion in 2 N HGl was added and incubated at 37 for 20 minutes. 
After adding 7.0 ml of 0.75 M sodium hydroxide to t h i s so lu t ion , the 
absorbance at 540 nm was measured. The control v\/as prepared in iden-
t i c a l manner except tha t FDP was added after the addition of T3A, 
Corresponding to the difference in absorbancies in the t e s t solut ion 
and control so lu t ion , the a c t i v i t y in Sibley and Lehninger uni t (3-L) 
was read from the ca l ib ra t ion curve prepared using the aldolase c a l i -
brat ion so lu t ion . One Sibley and Lehninger uni t was defined as the 
amount of enzyme which w i l l s p l i t 1 cubic millimetre of FDP per hour 
at 37° and is equal to 1 /22.4JU moles of FDP cleaved in one hour at 
37 . Specific ac t i v i t y in J-t moles of FDP cleaved per minute per 
mg of pro te in was then computed. 
In order to determine the effects of metal ions , anions includ-
ing pyridoxal5'-phosphate and protein denaturants on a c t i v i t y of buffa-
lo muscle a ldolase, the enzyme was incubated with a given substance 
in 0.01 U t r is-HCl buffer, pH 8.0, for 15 minutes at 37°, except in 
case of pyridoxalS'-phosphate, where aldolase was incubated in dark, 
and the a c t i v i t y measured as described above. The effects of increa-
sing concentration of subs t r a t e , pH and temperature were determined 
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by varying one factor and keeping the others constant. 
7. Polyacrylamide Gel Electrophoresis; 
Polyacrylamide gel electrophoresis of the purified buffalo 
muscle aldolase was performed at pH 3.6, accoraing to Uavis (14). 
Siliconized gel tubes (0.5 x 7 cm) were held vertically by tneir lower 
ends closed with stoppers. Small pore gel 1% (2.5 ml) was poured to 
each tube and after polymerization for 30 minutes, large pore gel 
(0.2 ml) was poured and photopolymerized for 40 minutes. About 150 ugm 
of aldolase in 0.2 ml large pore gel was layered on the top and again 
photopolymerized. The protein was then electrophoresed for one and 
a half nour using a current of 5 mA per tube. The gels were stained 
with Aifiido Schwartz and destained mechanically with 1% (v/v) acetic 
acid. 
8. Sodium Oodecyl Sulphate Polyacrylamide Gel Electrophoresis; 
Sodium dodecyl sulphate polyacrylamide gel electrophoresis was 
Carried out according to '.Veber and Osborn (93) . Seven different marker 
proteins, namely cytochrome c, o<^-chymotrypsinogen A, papain, pepsino-
gen, ovalbumin, bovine serum albuinin and rabbit muscle aldolase, were 
denatured in phosphate buffer, pH 7.0, containing 2% sodium dodecyl 
sulphate and 1%/3 -mercaptoethanol at 100 for 10 minutes and overnight 
at 37 . In order to avoid aggregation, rabbit muscle aldolase and 
buffalo muscle aldolase were alkylated with 0.05 M iodoacetic acid, 
pri 8,0. The mixture was then incubated at 37° for four hours and thei 
dialyzed against 2A sodium .dodecyl sulphate containing i>j/3-mercapto-
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ethanoi. Few drops of glycerol and Bromophenol Blue were added to 
protein solutions. Polyacrylamide gels for 1% gel, were prepared in 
presence of 0,2% sodium dodecyl sulphate. The proteins were electro-
phoresed for one hour in phosphate buffer, pH 7.0, ionic strength 
0.007, using a current of 5 nv\ per tube. The gels were stainea v.dth 
Coomassie Blue for one hour and destained mechanically in mixture 
containing methanol (5J^ ) and acetic acid (7.5/b). The distance traver-
sed by the protein band and the total length of the gel was measurea 
and the relative mobility (Rm) of the protein computed by dividing 
the observed mobility by the mobility of cytochrome c. 
9. Sephadex Jolumn Chromatography; 
Sephadex G-200 was allowed to swell in excess of phosphate 
buffer, pH 7,0, ionic strength 0.15 for a period recommended by 
Pharmacia Fine Chemicals, bweden. After deaeration, the slurry was 
poured into the column (2.7 cm x 48.5 cin) with the nelp of a glass 
rod. The flow rate initially 10 ml per hour was finally adjusted to 
50 ml per hour. The column was equilibrated with phosphate butter, 
pH 7.0, ionic strength 0.15, after wnich it was stabilized. The pack-
ing of the column was checked by passing 0.2% Blue uextran solution 
through the column. Two millilitre sample(s) containing about 10 mg 
protein was applied on the column with the help of a bent tube and 
eluted with phosphate buffer, pH 7.0, ionic strength 0.15, in 3 ml 
fractions at a flow rate of 30 ml per hour, 
10. Thin Layer Chromatography; 
Silica gel-G (25 gm) was suspended in 50 ml of water and tne 
22 
s lurry was iinmediately applied on glass p la tes with the help of an 
appl ica tor . The p la tes were kept at room temperature for 12 nours 
and then act ivated at 105° in oven for 30 minutes. The pla tes were 
then brought to room temperature and 0,05 ml samples of dansyl or 
dinitrophenyl der ivat ives of the amino acids (15 - 40 kg) were applied 
on the p la tes with the help of a p ipe t t e and spots were dried by hair 
dryer for few minutes. The p la tes were then placed in cnromatographic 
chamber containing e i ther benzene:pyridine: acet ic acid (3u:2(J:2) or 
n-butanol saturated with water . The solvent was allowed to run for 
3 - 4 hours. The p la tes were taken out and dried at room temperature 
for few minutes. The spots of dansyl amino acids were ident i f ied by 
put t ing the p la tes under u l t r a v i o l e t lamp. The R^  value was determined 
by dividing the distance through vjhich the sample moved, by the d i s -
tance t raversed by the solvent , 
11, uetermination of N-terminal Residue; 
The N-terminal residue of buffalo muscle aldolase was determined 
by the method of Gray (23) using dansyl ch lor ide . To one m i i l i l i t r e 
of the aldolase solut ion containing 10 miu.M, 0.48 gm urea (8 iv.) and 
0.042 gm of sodium bicarbonate (0,5 M) was added 1 ml of dansyl chlo-
r ide (20 mg/ml in acetone) and the mixture was incubated overnight at 
37 , Free dansyl chloride and biproducts were removed by extensive 
d i a lys i s against v;ater and the dansylated prote in was hydrolyzed with 
5,7 N constant boi l ing hydrochloric acid at 100 for 12 hours, Tae 
l iquid was evaporated to dryness at 100° on water bath. The residue 
was then dissolved in methanol and the solut ion analyzed by tn ln layer 
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chromatography (TLC). The Rr value was compared with the standard 
dansyiated amino acids determined under iden t i ca l condi t ions . 
12, Determination of O-terininal Residue; 
The J-terminal residue of buffalo muscle aldolase was ident i f ied 
by the standard procedure (4) using carboxypeptidase A. 
Two m i l l i l i t r e of solut ion containing 0.5 ml of aldolase (3 mg), 
6 M urea and l/o A -mercaptoethanol in phosphate buffer, pH 8.0 was 
t rea ted with 0.05 ivi iodoacetic acid for 12 hours at 37 , The solution 
was then dialyzed extensively against phosphate buffer containing 6 i.i 
urea . 
The carboxypeptidase A suspension, thorougnly washed witn water, 
was dissolved in sodium hydroxide in order to r a i se the pH to 7 .5 , 
where the molar ext inct ion coefficient of the enzyme at 278 nm nas been 
4 
reported to be 8.6 x 10 . Thus, tne enzyme concentration was determin-
ed by measuring the absorbance of the given enzyme solut ion at 278 nm. 
The buffalo muscle aldolase was incubated with tne enzyme with 1:1 molar 
r a t i o at room temperature for d i f ferent i n t e rva l s of t ime. The react ion 
was stopped by adding hydrochloric acid to adjust tne pH to 2 .0 . The 
mixture was centrifuged and the supernatant was analyzed by preparing 
the Dl'^-derivatives of f ree amino acids according to Sanger (76). Tne 
ONP-amino acid residues were ident i f ied by th in layer cnromatography. 
A control solut ion devoid of aldolase was also prepared in iden t i ca l 
manner. The supernatant of the control was analyzed as aescribed in 
the preceding l i n e . 
III. RESULTS 
1. Isolation and Purification; 
Chromatography of trie crude aldolase preparation obtained by 
repeated aimuoniuiu sulphate precipitation from the extract of ouftalo 
muscle was performed on phosphocelluiose column at pi 7.4, using a 
linear salt gradient from 0.01 - 0.51 ;.; NaJi and tne results are deli-
neated in Fig. 1. Two well defined peaks (F2 and F^) and two snoulders 
,(F, and F.) were obtained. Proteins under F., F2, F^ and F. were 
eluted near ionic strengths 0.12, 0.15, 0.20 and 0.23, respectively. 
The aldolase activity of the two peaks and shoulders was determined 
by Sibley and Lehninger's method (79) at pH 8.6, where aldolase A is 
known to exhibit maximum activity (79). The concentration of the 
enzyme in the incubation mixture was generally 0.003 mg. Proteins 
under F, and F2 did not show aldolase activity, whereas F^ and F. were 
found to be enzymatically active. The fractions under F^ and xew 
fractions under F, were pooled and further purified by crystallization. 
The specific activities of aldolase measured at each step of purifica-
tion are listed in Table III. The specific activity of fraction F^ 
was measured to be 12.4 which is 38 per cent less tnan tnat of the crys-
tallized enzyme. This discrepancy may be due to the aging of the enzyme 
solution and hence diminition in it's activity which had occurred during 
24 
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EFFLUENT VOLUME,ml 
Figure 1, Chromatography of buffalo muscle aldolase on phospho-
column (1.6 cm x 23 cm) was equi l ibra ted with ce l lu lose column 
tr is-HCl buffer , 
The 
pH 7.4, ionic s t rength 0.004. About 30 mg protein 
in 2 ml t r i s -Hc i buffer, pH 7.4, was'applied on the column. The elut ion 
was performed in 5 ml f ract ions at a flow r a t e of 20 ml per hour using 
a l inear gradient of ionic s t rength from 0.004 to 0.504, maintained 
with tris-HGl buffer, pH 7.4 and sodium ch lor ide . The broken l ine 
shows the calculated gradient of ionic s t rength . 
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the monitoring ot phosphoceliulose column. This was iurther investi-
gated by measuring the activity of the aldolase preparation on diffe-
rent dates. For example, the enzyme solution prepared freshly trom 
the stock solution showed activity of 27.0yo^ moles of FOP split/m.i n/mg, 
which decreased to 11.0jk.moles of FOP split/mi n/mg after allowing the 
enzyme solution to stand for 5 days. After 3 weeks, the activity dec-
reased to 2.1^ «.moles of FOP split/min/mg. The inactivation was tound 
to be pronounced with dilute solutions. It is instructive to recall 
the observations of Kawahara and Tanford (40) vmo noticed 3.7 told 
decrease in enzyme activity of rabbit muscle aldolase on standing for 
two weeks. Lebherz (51) also observed similar inactivation of aldolase 
at lov^  concentrations and concluded that the observed inactivation may 
be due to surface inactivation by glass wall of the containing vessel. 
The final yield of tne purified enzyme was 34;3 and the told purifica-
tion was 14.0 (see Table m ^ . 
/•/hen the pure preparation of buffalo muscle aldolase was subjec-
ted to poiyacrylamide gel electrophoresis, only one band was observed 
at pH 8.6 as shown in Fig. 2A. The electrophorogram remained unchanged 
on varying the protein concentration from 75 ug to 225 ^^g. Identical 
results were obtained in poiyacrylamide gel electrophoresis performed 
in triplicate. These results suggested that the buffalo muscle aldo-
lase was homogeneous with respect to charge. Gel chromatography of 
the same preparation in phosphate buffer, pH 7.0, ionic strength 0.15, 
on Sephadex G-200 column gave single symmetrical peak as snown in 
Fig. 3. Furthermore, only one band was observed during sodium, dodecyl 
sulphate poiyacrylamide gel electrophoresis of buffalo muscle aldolase 
Figure 2, Polyacrylamide gel electrophoresis of (A) buffalo 
muscle aldolase and (B) rabbi t muscle a ldolase . About 150 microgram 
of protein was electrophoresed for 1 hour in 0.22 M t r i s - g l y c i n e buffer, 
pH 8.6, with anodic current of 5 mA per tube. 
B 
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Figure 3 , Chromatography of buf fa lo muscle a ldo l a se on Sephadex 
G-200 column. The column (2 .7 cm x 48,5 cm) was e q u i l i b r a t e d with 
sodium phosphate bu f fe r , pH 7 .0 , i on i c s t r e n g t h 0 . 1 5 . About 10 mg 
p r o t e i n in 2 ml sodium phosphate buffer was appl ied on t h e column and 
Was e lu t ed in 3 ml f r a c t i o n s at a flow r a t e of 30 ml per hour. 
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(see Fig. 4 A ) . These observations established the size homogeneity 
of buffalo muscle aldolase preparation. The isoionic pH of the aldo-
lase was determined to be 6.1. 
The enzymatic and other properties of buffalo muscle aldolase 
and rabbit muscle aldolase were determined under identical conditions. 
The results are shown in Table IV. The muscle aldolase from the two 
species was found to be identical in biological and molecular proper-
ties. Thus, the two preparations were identical, within experimental 
error, with respect to Rm in polyacrylamide gel, ultraviolet absorption 
spectra, fluorescence spectra and gel filtration behaviour on Sephadex 
G-200 column. The Rm values of the SDS-complex of the two enzyme pre-
parations in polyacrylamide gel were the same. 
2. Characterization of the Enzyme: 
(i). Enzymatic properties. 
The effect of pH on enzyme activity of buffalo muscle aldolase 
was measured in the pH range 6 - 9 using phosphate (for pH 6 - 7) and 
tris-H31 (for pH 7.5 - 9.0) buffers, ionic strength 0.004, at 37°. 
The activity was measured after incubating the enzyme with substrate 
at various pH values for 30 minutes. The results are depicted in 
Fig. 5, The optimum pH is clearly 8.0. The influence of temperature 
at pH 8.0 on the activity of buffalo muscle aldolase was studied in 
the temperature range 30 - 60 . The changes in enzyme activity with 
temperature are shown in Fig. 6. Maximum activity was observed near 
50°. 
The curve between velocity (Lt moles of FDP split/min/mg) and 
Figure 4. Sodium dodecyl sulphate polyacrylamide gel electro-
phoresis of (A) buffalo muscle aldolase and (3) rabbit muscle aldolase 
at pH 7.0, ionic strength 0.007. 
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Figure 5. Effect of pH on the ac t i v i t y of a ldolase . Aldolase 
(0.003 mg) was incubated with dif ferent buffers , sodium phosphate (pH 
range 6-7) and tr is-HCl (pH range 7.5 - 9 . 0 ) , for 30 minutes at 37 . 
The enzyme a c t i v i t y was measured with subs t ra te concentration of 
0.005 M. 
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TEMPERATURE 
60 
Figure 6. The influence of temperature on the activity of 
aldolase. Aldolase (0.003 mg) was incubated at different temperature, 
for 30 minutes, in the temperature range 30 - 60° and at pH 8.0. 
Experimental conditions same as in Fig. 5. 
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s u b s t r a t e c o n c e n t r a t i o n was r e c t a n g u l a r hyperbola , both for buffa lo 
muscle a l do l a se and r a b b i t muscle a l d o l a s e . The Lineweaver 3urk (54) 
p l o t between \A/ and Vta^at pH 8.0 was a s t r a i g h t l i n e as shown in 
F i g . 7. The i n t e r c e p t and slope of t h e s t r a i g h t l i n e were determined 
by the method of l e a s t s q u a r e s . The va lues of V and K were thus 
^ max m 
calculated to be 33.0 Ltmoles of FDP split/min/mg and 0.81 mM, respec-
tively. The Value of K for rabbit muscle aldolase (curve not shown) 
was determined likewise under identical conditions and was found to 
be 0.92 mM. 
(ii). Gel filtration behaviour. 
Gel chromatography of five marker proteins in phosphate buffer, 
pH 7.0, ionic strength 0,15 was performed on Sephadex G-200 column 
(2.7 cm X 48,5 cm) and the results are illustrated in Fig. 8. The 
elution volume, V , of several proteins was determined. The void 
volume, V , of the column was determined thrice by passing Blue 
Dextran solution. The values of V„/V_^ , thus calculated for all the 
e o 
p r o t e i n s . The d i s t r i b u t i o n c o e f f i c i e n t , K,, and the a v a i l a b l e d i s -
t r i b u t i o n c o e f f i c i e n t , K , were computed by the help of fo l lowing 
e q u a t i o n s , 
K d = (^e - ^ o ) / ^ i ^2) 
S v = ^^e - ^ ) / ^ ^ - \ ^ ^^^ 
where V. i s t he t o t a l volume of the Sephadex G-200 column and V. i s 
t he inner volume of the g e l . The va lues of the d i f f e r e n t gel f i l t r a -
t i o n parameters are summarized in Tables V and VI. The r ad ius of the 
36 
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Figure 7. Lineweaver Burk plot for the cleavage of fructose i , 
6-diphosphate catalyzed by buffalo muscle a ldolase . Aldolase (0.003 mg) 
was incubated with varying amounts of substra te (0.0002 - 0.005 M) . at 
pH 8.0 for 30 minutes. 
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column at different heights \was determined by weighing a known height 
of distilled water delivered through the outlet of the column into 
eighing bottles. The volume {I\T 1) was computed from the weight 
and density of water. From volume of the column, radius (r) of the 
column was calculated and was found to be 2.7 cm. The total volume, 
V., was thus determined to be 278 ml. From the partial specific vol-
ume, Vp, (0.61 ml/g) and V,, the inner volume (V.) was computed using 
the equation, 
^i = ^t - ^ o ' ^5 ^ "^ 2^  ^^ ^ 
where g i s t he weight of dry Sephadex G-200 t a k e n . 
The da ta on e l u t i o n p a t t e r n s of d i f f e r e n t p r o t e i n s , i nc lud ing 
buf fa lo muscle a l d o l a s e , were analyzed in the l i g h t of the t h e o r e t i c a l 
t r e a t m e n t s of g e l f i l t r a t i o n put forward by ( i ) Pora th ( 6 8 ) , ( i i ) 
Laurent and K i l l a n d e r (50) and ( i i i ) Ackers ( l ) by the method of l e a s t 
Squares and the da ta were found t o f i t the fo l lowing e q u a t i o n s , 
V /V = 5.735 - 0 .848 log M (5) 
e o 
Porath (68) : 
U[^/^ = 101.7 - 85.98 X K^ "*""^ ^ (6) 
Laurent and Ki l l ande r ( 5 0 ) : 
( - l o g K^^)^ = 0.189 a - 0.028 (7) 
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Ackers (1) : 
e r f c ' V ^ = 0.264 a - 0.243 (8) 
The s t r a i g h t l ine p lo ts were drawn by the help of Equations 5 
through 8. The e lu t ion charac te r s t i cs of buffalo muscle aldolase (see 
Fig. 3) were consis tent to a molecular weight of 162,180 according to 
Equation: 5 and 161,320 according to Equation 6 and the Stokes radius 
of 4,6 and 4,5 nm according to Equations 7 and 8 and are depicted in 
F igs . 9 - 12. 
The diffusion coef f ic ien t , D, and f r i c t i o n a l r a t i o f/f of 
buffalo muscle aldolase were calculated from gel f i l t r a t i o n data, 
corresponding to Stokes r ad ius , a, of 4,6 nm by the help of following 
equations, 
D = KT/e-nia (9) 
f/f^ = a/(3 v^ fV4 7T N)-^^^ (lO) 
where K is the Boltzman constant (1.386 x 10" "^  e rgs /degree) , ' ^ is 
the v iscos i ty in poise (0,010 p ) , T i s the absolute temperature in 
K (303 ) , v^ i s the p a r t i a l speci f ic volume of buffalo muscle aldolase 
taken to be 0,747 (40) , M is the molecular weight of the aldolase 
which is taken to be 162,000 and N is the Avogadro's number (6.022 x 
O Q 1 
10 mole" ) . The values of D and f A for buffalo muscle aldolase, 
- 7 2 
computed from Equations 9 and 10, were 4.8 x 10" cm /sec and 1.265, 
respectively. 
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1.9 
1.7 -
Ve/Vol-5 
1.3 -
M 
Figure 9 . Plot of log M versus V /V us ing gel f i l t r a t i o n 
data of f i g u r e 8. ( l ) c a t a l a s e , (2) r a b b i t muscle a l do l a se (3) bovine 
serum albumin-dimer, (4) ovalbumin-dimer, (5) a l l o l i n e phospha tase , 
(6) bovine serum albumin-monomer, (7) ovalbumin-monomer and ( • ) 
buf fa lo muscle a l d o l a s e . 
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70 
60 -
M^ 'S 50 L 
40 -
30 
Fiqure 10, Plot of molecular weight against d i s t r i b u t i o n 
coeff ic ient of the gel f i l t r a t i o n data obtained on Sephadex G-200 
column, according to the method of Porath (68) . F i l led c i r c l e 
indica tes buffalo muscle a ldolase . The marker prote ins used were: 
( l ) ovalbumin-monomer, (2) bovine serum albumin-monomer, (3) a lkal ine 
phosphatase, (4) ovalbumin-dimer, (5) bovine serum albumin-dimer, 
(6) rabbit muscle aldolase and (7) ca t a l a se . 
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3 4 5 
STOKES RADIUS Cnm ) 
Figure 1 1 . Treatment of gel f i l t r a t i o n data obta ined on 
Sephadex G-200 column according to Laurent and Ki l l ander ( 5 0 ) . 
F i l l e d c i r c l e i n d i c a t e s buf fa lo muscle a l d o l a s e . The marker p r o t e i n s 
used were: (1) ovalbumin-monomer, (2) bovine serum albumin-monomer, 
(3) a l k a l i n e phospha tase , (4) bovine serum albumin-dimer, (5) r a b b i t 
muscle a l d o l a s e and (6) c a t a l a s e . 
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Jf^ 0.8-
o 
0.4-
4 5 
RADIUS Cnm) 
Figure 12. Treatment of gel f i l t r a t i o n data according to the 
method of Ackers ( l ) . F i l led c i r c l e indicates buffalo muscle aldolase. 
The marker proteins used were: ( l ) ovalbumin-monomer, (2) bovine serum 
albumin-monomer, (3) alkaline phosphatase, (4) bovine serum aloumin-
dimer, (5) r abb i t muscle aldolase and (6) c a t a l a se . 
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(iii). SDS-polyacrylamide gel electrophoresis. 
The Rm values of the SDS-complexes of seven marker proteins 
as well as tha t of buffalo muscle aldolase in polyacrylamide gel e lec-
t rophoresis at pH 7,0 were determined and the r e su l t s are summarized 
in Table VII and i l l u s t r a t e d in Fig. 13. The s t r a igh t l ine plot of 
Fig. 13 was obtained by the method of l eas t squares and f i t t e d in the 
equation, 
log iM = 4.95 - 0.883 Rm ( i i ) 
The Rm value of buffalo 'muscle aldolase in SDS-polyacrylamide 
gel e lectrophoresis was 0.38 (see Fig . 4A) which, according to Equa-
t ion 11, corresponds to a molecular weight of the aldolase monomer 
40,750. Thus, the molecular weight of buffalo muscle aldolase from 
the experiment on SDS-polyacrylamide gel e lect rophores is comes out to 
be 163,000 which is about 0.6 per cent higher than tha t estimated by 
gel f i l t r a t i o n . The agreement between the two values is good. 
(iv). Optical properties. 
The u l t r a v i o l e t absorption spectra of buffalo muscle aldolase 
and rabbi t muscle a ldolase , given in Fig . 14, are i d e n t i c a l . The main 
spect ra l features are the presence of maximum at 278 nm and a trough 
near 255 nm. The spect ra l fea tures of buffalo muscle aldolase were 
markedly a l tered in presence of 0.005 M subs t ra te (FDP). The d i f f e -
rence spectra showed a maximum at 278 nm, two shoulders at 283 and 
-290 nm and two troughs at 269 and 285 nm. I t has been shown by d i f fe-
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Figure 13. Calibrat ion curve for sodium dodecyl sulphate ooly-
acrylamide gel e lectrophoresis of marker p ro t e ins . F i l l ed c i r c l e ' ind i -
cates the Rm value of buffalo muscle a ldolase . The marker proteins 
used were: ( l ) cytochrome c, (2) papain, (3) ^-chyraotrypsinoaen, 
(4) rabbi t muscle- a ldolase , (5) pepsinogen (6) ovalbumin and (7) bovine 
serum albumin. 
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230 250 270 290 230 250 
WAVELENGTH Cnm ) 
270 290 310 
Figure 14. The u l t r a v i o l e t absorption spectra of (A) buffalo 
muscle aldolase and (B) rabbi t muscle a ldolase, in tris-HCl buffer, 
pH 7.4, ionic s t rength 0.004, 
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rent techniques t ha t aldolase undergoes a conformational change due 
to the binding of subst ra te (2, 35, 36, 57, 95, 96) . The speci f ic 
ext inct ion coeff ic ien t , E^^^ at 280 nm was found to be 9.3 cm /gm, 
which i s s imilar to that of other muscle aldolases (9, 46, 64) . 
The exc i ta t ion spectra of buffalo muscle aldolase and rabbi t 
muscle a ldolase, shown in Fig. 15, were i d e n t i c a l , the exc i t a t ion 
maximum expectedly occurred at 278 nm. The emission maximum of buffalo 
muscle aldolase took place at 346 nm, the emission spectrumfor rabbi t 
muscle aldolase was found to be s imilar within experimental e r ror and 
i s i l l u s t r a t e d in Fig, 16. The flourescence emission spectrum is 
c h a r a c t e r i s t i c of tryptophan containing p ro t e in s . In te res t ing ly the 
flourescence in t ens i ty of buffalo muscle aldolase was appreciably 
diminished in presence of FDP; ^6% decrease in fluorescence in tens i ty 
took place in a mixture of 0.045 per cent enzyme and 0.005 M FDP at 
pH 7.4. I t should be reca l led tha t the D-glyceraldehyde-3-phosphate, 
which i s known to in t e rac t with rabbi t muscle a ldolase, also produced 
fluorescence quenching of rabbi t muscle aldolase (70), 
(v}» End group ana lys i s . 
The N- and C-terminal residues of buffalo muscle aldolase were 
the same as those reported for rabbi t muscle a ldolase!18, 20, 43, 44) 
and were prol ine and tyros ine , respec t ive ly . 
3. Enzyme Inhibition; 
+ + ++ The effect of Mg and Zn , which are known to activate class 
II aldolases was seen in absence of EDTA, on the activity of buffalo 
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muscle aldolase in t r is-HCl buffer, pH 8.6, at 37°, The a c t i v i t y of 
buffalo muscle aldolase remained unaltered by various concentrations 
of MgCl2 and ZnCl- in the range 0.25 - 1.0 mM, The effect of urea and 
guanidine hydrochloride, which are well known prote in denaturants , on 
the ac t i v i t y of buffalo muscle aldolase was determined at pH 8.0, and 
at 37 , The enzyme was incubated with given concentration of urea 
and guanidine hydrochloride and the ac t iv i ty was determined by the 
method already described. The r e s u l t s are i l l u s t r a t e d in F ig . 17. 
I t i s c lear tha t for the same concentrat ion, guanidine hydrochloride 
was more effect ive in reducing the ac t iv i ty than urea e . g . , at 1 Iv; 
concentration the res idual a c t i v i t y was 33 per cent in urea and only 
5 per cent in guanidine hydrochloride. The curves between per cent 
res idual ac t i v i t y and denaturant concentration begin to slope off at 
3 M urea and 0.6 M guanidine hydrochloride. The concentrations of 
denaturants corresponding to 50% inhib i t ion were 0.5 M and 0.24 M for 
urea and guanidine hydrochloride, r espec t ive ly . 
The a c t i v i t y of buffalo muscle aldolase was found to be appre-
ciably influenced by pyridoxal 5 '-phosphate. The time course of inh i -
b i t ion was rapid in the i n i t i a l stages and gradual after 15 minutes; 
very l i t t l e a c t i v i t y {^5/0 was l e f t at 40 minutes. The inh ib i t ion 
by pyridoxal 5'-phosphate was found to be p a r t i a l l y r e v e r s i b l e . The 
mixture (0.4 mM pyridoxal 5'-phosphate and 0.3 mg of enzyme, pH 3.0) 
which showed a res idual a c t i v i t y of 5% af ter incubation for 40 minutes 
at 37° was di lu ted 100 times and the ac t i v i t y measured at 60 minutes. 
The per cent recovery of the a c t i v i t y was measured to be 65 at 60 min-
u t e s . The inh ib i t i on of buffalo muscle aldolase by pyridoxal 5 '-phos-
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phate depends on the concentration of pyridoxal 5'-phosphate as shown 
in Fig , 13. The curve begins to slope off from 0.2 mM pyridoxal 5 ' -
phosphate. 
A systematic study of the effect of various anions in the form 
of t h e i r sodium sa l t s on enzyme ac t i v i t y of buffalo muscle aldolase 
was made at pH 8,0 and at 37 . The concentrations of enzyme and fruc-
tose- l ,6-diphosphate (FDP) were, r espec t ive ly , 0.003 mg and 0.005 M. 
The decrease in enzyme ac t iv i ty at various anion concentrat ions are 
shown in F igs , 19 and 20. In order to see whether the anion inh ib i -
t ion of buffalo muscle aldolase is due to the d i ssoc ia t ion of the 
nat ive enzyme into subunits caused by anions, the enzyme t rea ted with 
0.022 M CNS in phosphate buffer, pH 7.0, was passed through Sephadex 
G-200 column previously equi l ibra ted with phosphate buffer, pH 7.0, 
containing 0.022 M CNS. Only single peak corresponding to the native 
enzyme was obtained. The inh ib i t ion of the enzyme a c t i v i t y by anions 
was found to be noncompetitive because K value remained unaltered 
while maximum veloci ty (V,^ ) decreased on increasing the anion concen-
t r a t i o n for each anion used in t h i s study. Further the enzyme inhibi-
t i o n , which was found to be revers ib le on d i l u t i o n , was not released 
by increasing the concentration of f ruc tose- l ,6 -d iphosphate . There-
fo re , the inhib i t ion of buffalo muscle aldolase by anions was t reated 
as noncompetitive one. 
If V i s the veloci ty in absence of anion inhib i tor and V. i s 
o 1 
the veloci ty in presence of the i nh ib i t o r , the associat ion constant 
for the in te rac t ion of enzyme with anion can be wr i t t en as: 
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PLP CONCENTRATION XIO'M 
Figure 18. The inac t iva t ion of aldolase by pyridoxal 5 '-phos-
phate (PLP). Aldolase (0.003 mg) was incubated in dark with different 
concentrations of pyridoxal 5'-phosphate in t r is-HCl buffer , pH 8.0, 
for 15 minutes before assay. Then the solut ion was incubated with 
0.005 M f r uc to se - l , 6-diphosphate at 37° for 30 minutes. 
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Figure 19. The inh ib i t ion of aldolase by anions. I n i t i a l 
ve loc i ty (V ) asjumoles of f ructose- l ,6-diphosphate s p l i t per minute 
per mg is p lo t ted against anion concentration. Aldolase (0.003 mg) 
was incubated with anions, GNS" (CMD ) , ZO^^ ( # - • ) , l " ( i ^ A ) , 
NO3 ( O O ) and CIO3 ('^^~^)» ^°^ ^^ minutes at pH 8.0 and at 37^ 
before assay. The concentration of the subs t ra te was 0.005 h\. 
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Figure 20. The inhibition of muscle aldolase by anions, 
Aldolase (0.003 mg) was incubated with, Br" ( O O ) , Jl"( #-# ) , 
C2HCI3O2 ( O O ) , '-5-1507^ , (i^A) and F" ( Z W \ ) . Experimental 
conditions were the same as given in Fig. 19. 
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where |A~1 is the concentration of anion in moles per litre and K 
is the association constant of the equilibrium process, £ + A = EA. 
From Equation 12 it follows that K. is the reciprocal of the [AJ 
required for 50^ inhibition. The concentration of anion corresponding 
to bO% inhibition was thus calculated from the results shown in Figs. 
19 and 20 and are listed in Table VIII. It is clear that the anion 
which caused 50% inhibition at the lowest concentration was CNS and 
the one which was least effective was F , Consequently the value of 
K for different anions is in the order; CN5'"> GOZ "> l" ^  NOl ^  310~ 
G^ H^ O"^ ^ ( and C2HCI2O2) > Br" > Gl" > F". 
The stoichiometry of the anion binding to buffalo muscle aldo-
lase was determined by plotting the data according to Johnson et_ al. 
(38). Such plot in the form of log (V /V. - l)against log |A | was 
linear for each anion studied as delineated in Fig. 21, The slope of 
the straight line varies from 0.88 to 1.0; thus one anion seems to be 
bound per mole of the sensitive site on the enzyme. 
The effect of pH on the value of association constant was deter-
mined at different pH values in the pH range 6 - 9 . The data v.'ere 
plotted according to Dixon (17) in the form of log K. versus pH for 
two anions GNS~ and NOl (see Fig. 22). In view of the scatter of the 
data, it is difficult to assign pK value of the ionizable groups invol-
ved in anion binding to buffalo muscle aldolase. From the shape of 
curves in Fig. 22 it seems that the pK value of the ionizable groups 
may lie in the pH range 8 - 10, 
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TABLE V I I I 
INHIBITION OF BUFFALO fyUSCLE ALDOIASE BY ANIONS 
Anion C o n c e n t r a t i o n f o r 50% K. 
i n h i b i t i o n i n M 
CNS" 0 . 0 2 2 4 5 . 4 
COg^ 0 . 0 3 0 3 3 . 3 
I ' 0 . 0 5 0 20 .0 
NOg 0 . 1 0 0 10 .0 
CIO3 0 . 1 3 0 7 . 7 
G^H^Oi^ "^  0 . 3 0 0 3 . 3 
C2HCI3O2 0 . 3 0 0 3 . 3 
B r ' 0 . 5 0 0 2 .0 
C I ' 0 . 5 2 0 1.8 
F " 1.000 1.0 
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4-0-8 
+ 0.6-
Figure 2 1 . Plot of log (V^/V^ - 1) ve r sus log [1\] for the 
inhibition of aldolase by anions, (l) F" , (2) Gl", (3) 3r", (4) 
C2HGI3O2, (5) C^^O^^, (6) GIO3 , (7) NO3 ., (8) I", (9) ZO'^^ and 
(10) GNS". The straight lines were drawn using the data of figs. 19 
and 20. 
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PH 
Figure 22. The pH dependence of K^. Log K^ was p l o t t e d 
aga ins t pH. Aldolase was incubated with 50 per cent i n h i b i t o r y con-
c e n t r a t i o n of an ions , CNS" ( O O ) and NO3 ( # - # ) a t d i f f e r e n t pH 
va lues maintained by phosphate (pH 6 - 7 ) and t r i s - H J l (pH 7.5 - 9.0) 
b u f f e r s . Other exper imenta l cond i t i ons were the same as given in 
F i g . 19. 
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The effect of temperature on the in te rac t ion of anions with 
buffalo muscle aldolase was studied for three anions, namely CNS , I 
and NOo, by measuring the temperature dependence of associat ion cons-
tant at pH 8.0 in the temperature range 30 - 50 . Thus, log K was 
p lo t ted against l/T and the l inear p lo t s are shown in Fig . 23. From 
the slope of the s t ra igh t l i n e , the value of ZAH was determined for 
each anion. The value of zlX F at a given temperature was calculated 
from the measured K. . From ZX H and ZA F the value of Z\ S was c a l -
culated using the r e l a t i o n , A F = A H — T A S . The values of 
A F, A H and A s were calculated for the three anions and are 
given in Table IX. 
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Figure 23. The effect of temperature on the interaction of 
anions with aldolase. The logarithm of K is plotted against i/T. 
Buffalo muscle aldolase was incubated at different temperatures 
(30 - 50 ) with 50 per cent inhibitory concentration of anions, CHS 
(O-O), I (•-#), and NO3 ( Z V A ) . Other experimental conditions 
were the same as in Fig. 19. 
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IV. DISCUSSION 
1. I s o l a t i o n and P u r i f i c a t i o n ; 
The i s o l a t i o n of a l do l a se from buf fa lo muscle which cons i s t ed 
of e x t r a c t i o n of t h e ground muscle t i s s u e wi th buf fe r , ammonium s u l -
pha te p r e c i p i t a t i o n followed by f r a c t i o n a t i o n on phosphoce l lu lose 
•column i s e s s e n t i a l l y s i m i l a r t o t h e procedure used by Penhoet et_ al» 
( 6 5 ) . The procedure permi t ted the i s o l a t i o n of pure and homogeneous 
p r e p a r a t i o n of buf fa lo muscle a l d o l a s e . The y i e l d of the enzyme was 
about 34 per c e n t . About 80 per cent of t h e p r o t e i n , app l ied on 
phosphoce l lu lose column was recovered on e l u t i o n . The enzyme prepa-
r a t i o n gave a s i n g l e band in polyacrylamide gel e l e c t r o p h o r e s i s c a r r i e d 
out under d i f f e r e n t c o n d i t i o n s , sugges t ing the charge homogeneity of 
t h e p r e p a r a t i o n . The buf fa lo muscle a l d o l a s e was a lso homogeneous 
wi th r e s p e c t to s i z e as judged by s i n g l e symmetrical peak i n Sephadex 
ge l chromatography and a s i n g l e band in SDS-polyacrylamide ge l e l e c -
t r o p h o r e s i s . The buf fa lo muscle a l do l a se was i d e n t i c a l with r a b b i t 
muscle a l do l a se in va r ious phys ico-chemica l and k i n e t i c p r o p e r t i e s . 
Thus, t h e two enzymes were i d e n t i c a l with r e s p e c t to t h e enzyme i n h i -
b i t i o n by sodium i o d i d e , sodium t h i o c y a n a t e , py r idoxa l 5 ' -phospha te 
and K for f r u c t o s e - i , 6 - d i p h o s p h a t e ( 8 , 1 - 9 .2 x lO" M) . The measured 
m 
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Specific a c t i v i t y of rabbi t muscle aldolase was s ign i f i can t ly lower 
than that of buffalo muscle a ldolase, the discrepancy may be a t t r i bu -
ted to the d i lu t i on ef fec t . I t should be mentioned tha t our pre l imi-
nary r e su l t s suggested tha t both the enzymes are immunologically 
s imi la r . The rabbi t ant isera ra ised against buffalo muscle aldolase 
cross reacted well with the rabbi t muscle a ldo lase . The physical 
proper t ies such as u l t r a v i o l e t absorption spect ra , fluorescence spec-
t r a , e lec t rophoret ic mobility in polyacrylamide gel e lect rophoresis 
and size (as measured by gel f i l t r a t i o n behaviour and by the mobility 
in SDS-polyacrylamide gel e lectrophoresis) of both the enzymes seem 
to be i d e n t i c a l . 
2. Characterizat ion of the Enzyme: 
From the pH-act ivi ty p ro f i l e obtained for buffalo muscle aldo-
lase , i t can be inferred that the pH optimum is 8.0, which l i e s in the 
pH range 7.2 - 9 .5 . The reported values of pH optima l i e in t h i s pH 
range. I t should be noted that Penhoet _ejt aj^. (66) did not notice any 
s igni f icant pH dependence of the f ructose- l ,6-diphosphate ac t iv i ty in 
the pH range 7 - 9 . On the other hand, Sibley and Lehninger (79) 
noticed a sharp pH optimum at pH 8.6 for rabbi t muscle a ldolase . I t 
has been shown that t r i s buffer in hydrazine method produces a stimu-
latory effect near pH 9.0 (87) . The avai lable experimental data on 
the pH dependence of f ructose- l ,6-diphosphate ac t i v i t y of buffalo 
muscle aldolase do not permit unequivocal charac ter iza t ion of the 
ionizable groups involved in ca ta ly t i c function. As judged by pH-
a c t i v i t y p r o f i l e , the two ionizable groups may have pK values about 
68 
7,0 and 8.5. The ionizat ion of the subs t ra te (pH 6.8) may be respon-
s ib le for the lov;er pH side of the curve. The ionizat ion of a basic 
group explains the alkaline s i t e of pH-act ivi ty p r o f i l e . The observed 
temperature optimum for buffalo muscle was 50° which compared well 
with t ha t of other aldolases of type A from rabbi t muscle (2) and 
spinach leaf { 39) . 
The molecular weight of buffalo muscle aldolase determined by 
gel f i l t r a t i o n was 162,000. The molecular weight of buffalo muscle 
aldolase which is ident ica l with t h a t measured for rabbi t muscle aldo-
lase by sedimentation and v i scos i ty or by sedimentation or diffusion 
(40) . The previous values of the molecular weight of the native 
prote in l i e in the range 149,000 - 160,000 (40, 78, 88, 89). The 
molecular weight of the subunit of buffalo muscle aldolase determined 
by SDS-polyacrylamide gel e lect rophoresis was about 41,000. Kawahara 
and Tanford (40) determined the molecular weight of polypeptide chain 
of rabbi t muscle aldolase in 6 M guanidine hydrochloride plus O.i M 
/5-mercaptoethanol. The weight average molecular weight was between 
37,000 - 41,000. Thus, the r e s u l t s of SDS-polyacrylamide gel e lec-
trophoresis showed tha t buffalo muscle a ldolase , l ike rabbi t muscle 
aldolase, consis ts of four polypeptide chains. 
The physical parameters of buffalo muscle aldolase are summa-
rized in Table X. The Stoke's radius of buffalo muscle aldolase was 
determined to be 4.6 nm. Taken together with the values of diffusion 
coeff ic ient and f r i c t i ona l r a t i o , these data showed tha t native 
buffalo muscle aldolase in phosphate buffer, pH 7.0, ionic strength 
0 .15, exis ts in compact and globular conformation. The N- and C-ter-
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minal residues of buffalo muscle aldolase were ident i f ied to be the 
same as noted previously for rabbi t muscle aldolase and were prol ine 
and ty ros ine , respect ively (18, 20, 43, 44) . 
The ex t inc t ion coefficient of buffalo muscle aldolase was 
determined at 280 nm at pH 7.4 and was found to be 9 . 3 . The value 
i s in good agreement with t ha t reported in the l i t e r a t u r e for type A 
aldolases (9 , 64) . The u l t r a v i o l e t absorption spectrum of the native 
buffalo muscle aldolase was s ign i f i can t ly a l tered by subs t r a t e , f ruc-
tose- l ,6 -d iphospha te . The spec t ra l changes observed at various wave-
lengths , namely 269, 285 and 290 nm are ind ica t ive of the per turba-
t i on of the &pectra of prote in chromophores, presumably due to subs-
t r a t e mediated conformational changes. The quenching of the f luore-
scence of buffalo muscle aldolase by f ructose- l ,6-diphosphate also 
suggests changes in the environment of tryptophan residue(s) of the 
enzyme due to conformational changes. I t i s of i n t e r e s t to refer 
the work of Adelman _et _al. (2) who presented the evidence to support 
tha t f ructose- i ,6-diphosphate promotes a t i gh t conformation of rabb i t 
muscle a ldolase . Previous s tudies showed tha t f ruc tose- l ,6 -d iphos-
phate protec ts rabbi t muscle aldolase from the digest ion of carboxy-
peptidase (95, 96) , t ryps in (57, 35, 36) and chymotrypsin (57). The 
subs t ra te is also known to reverse p a r t i a l l y the unfolding of aldo-
lase caused by the react ion of i t s cysteine residues with p-chloro-
mercuribenzoate (94), Similarly the d i ssoc ia t ion and denaturation 
of rabbi t muscle aldolase by 4 M urea i s opposed by f r u c t o s e - i , 6 - d i -
phosphate (53). 
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3. Enzyme Inhibition; 
The observation that the metal ions such as Mg and Zn do 
not influence the activity of buffalo muscle aldolase indicates that 
the enzyme belongs to class I. Like rabbit muscle aldolase, the acti-
vity of buffalo muscle aldolase vi/as considerably decreased by urea 
and guanidine hydrochloride. The results expectedly suggested that 
guanidine hydrochloride is more effective than urea. The pronounced 
effect of urea and guanidine hydrochloride on the aldolase activity 
is the indicative of the importance of secondary and tertiary protein 
structure in the enzymatic function of the aldolase. 
The effect of pyridoxal 5'-phosphate on the activity of buffalo 
muscle aldolase was studied and v;as found to be similar to that of 
rabbit muscle aldolase. The pyridoxal 5'-phosphate forms a Schiff's 
base with lysine residue at one of the phosphate binding sites to 
yield an inactive pyridoxal 5'-phosphate-enzyme complex. Shapiro 
£t_ _aj^ . (77) have shown that the phosphate group of pyridoxal 5'-phos-
phate binds to a specific lysine residue on the enzyme but this lysine 
residue differs from that involved in the Schiff 's base formation with 
the substrate. In case of buffalo muscle aldolase, the inhibition 
was also found to be reversible by dilution. 
Experimental results on the interaction of anions with buffalo 
muscle aldolase suggested that the inhibition of the enzyme by anions 
is due to the binding of such anions to a cationic site with a pK 
value lying in the range 8-10. The results led to the following 
important conclusions: (i) the inhibition by the anions is not due to 
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the dissociation of the native enzyme into subunits, (ii) the anion 
inhibition is due to the binding of the anion to independent sites, 
(iii) the number of moles of anions bound per mole of sensitive site 
is one, (iv) the valency of the anions generally does not determine 
the association constant, (v) smaller anions are less firmly bound to 
the enzyme than the bigger anions, (vi) the interaction of sodium 
thiocyanate and sodium iodide with the cationic sites of buffalo mus-
cle aldolase is accompanied by increase in entropy. However, the 
binding of sodium iodide seems to be athermal, within experimental 
error, while that of sodium thiocyanate is endothermic and (vii) the 
interaction of sodium nitrate is exothermic and is followed by 
decrease in entropy. 
An explanation can be given for lower affinity of smaller 
anions for cationic site of buffalo muscle aldolase. Smaller anions 
are poorly polarizable and possess an intense field. These anions 
will, therefore, firmly hold the hydration sphere, hence the associa-
tion of such anions with the cationic sites will be less strong. On 
the other hand, thiocyanate and iodide are larger monovalent anions 
and do not tenaciously hold the hydration sphere. With the result 
that they can make close approach to the cationic binding sites. The 
positive entropy change associated with the inhibition by sodium 
thiocyanate and sodium iodide is likely to be due to the extensive 
disruption of water structure around the cationic binding site which 
should precede the anion binding. The disruption of water structure 
in the vicinity of cationic site is more extensive during thiocyanate 
inhibition than that associated with iodide inhibition. The gain in 
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free energy as a result of increase in entropy during anion binding 
to the sites on buffalo muscle aldolase is comparable, if not identi-
cal, with that which is visualized in hydrophobic interaction. The 
nature of the nitrate inhibition of enzyme is not clear to us, since 
it's binding to the cationic site of the enzyme is expected to shov7 
similar changes in thermodynamic quantities. The ionic volume of 
nitrate is somewhat bigger than that of iodide and hence its binding 
should result in larger value of As. 
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